material at THz range with frequency selective surface and photonic band gap structures. The proposed antenna has dimensions of 500 µm × 500 µm × 10 µm and the gain is increased by 2 dBi (32%) [21] . Yanbing Ma et al designed Square Sierpinski SRR (SS-SRR) for terahertz sensing application. They investigated the frequency response when the SS-SRR is implemented over the quartz substrate with the thickness as 130 µm [22] . Pozar [31] .
From the literature survey, it is observed that designing the THz antenna performance improvement and miniaturization in size are the major challenges. In this paper, similar to other promising studies existing in literature, the metamaterial based THz antenna is designed. Conventional patch antenna with the size of 71.5 µm × 95 µm is proposed and circular shaped SRR structure is loaded in the ground plane. The functional parameters of the antenna are investigated by varying the split width and split ring thickness of the metamaterial.
The paper is organized as follows: In section II design and performance of microstrip patch antenna is discussed. The metamaterial unit cell structure and SRR design is discussed in section III. In section IV simulation results are presented after loading metamaterials on the patch. The section V describes the conclusion of the paper.
II. PATCH ANTENNA DESIGN
The structure of the proposed rectangular microstrip patch antenna is shown in Fig. 1 was fed closer to the center. In the proposed design, the feed is slightly away from the center for impedance matching. By adjusting the feed location along the circumference of the patch it is possible to match the antenna with a microstrip line of any impedance. Hence, the feeding is displaced from center. The detailed geometrical parameters of patch antenna are shown in Table I . The performance of the rectangular microstrip patch antenna depends on its dimensions.
The proposed structure is designed and simulated by using Finite Element Method (FEM). 
III. METAMATERIAL UNIT CELL DESIGN
The circular shaped Split Ring Resonator (SRR) is used to construct the metamaterial surface. The geometrical parameters of proposed SRR in Table II . The proposed SRR consists of two annular rings with outer radius of 20 µm and inner radius of 15 µm. The split width is taken as 5 µm and split ring thickness are 5 µm. Meta surface is constructed by arranging the circular SSR on the ground plane as shown in Fig. 3(b) . The permeability and permittivity of the proposed circular SRR can be calculated directly by using the following equations [32] , [33] : 
Here, K and d denote the wave number of incident wave and SRR length respectively. Further, the value of refractive index n and impedance Z are determined by using (3) and (4). Reflection coefficient and transmission coefficient of the SRR is shown in Fig. 4 . Generally, the transmission coefficient reaches minimum value in the resonance frequency of the SRR [1] , [21] , [24] , [33] , [34] . The transmission curve deeps at the frequency of 1.027 THz at the same point the reflection curve reaches its maximum. This indicates there is a resonance at 1.02 THz. Each unit cell is periodically arranged to behave as a microwave resonant circuit. The capacitance is made by the adjacent unit cells, which could be altered by varying the size of the unit cell. The periodic arrangement of these LC resonant elements is parameterized to significantly block surface wave's around the resonant frequency. Hence, the proposed unit cell provides negative permittivity and negative permeability around the resonance frequency. A capacitor-like 'split'structure regarded with a capacitance (C) couples to the electric field, and the two rings of the eSRR provide an inductance (L) to the circuit. Hence, the resonance frequency of the SRR can be changed either by varying the dimensions of the rings to alter the qualitative inductance or by varying the split to adjust the qualitative capacitance [35] . The proposed split ring resonator has negative refractive index at this resonance frequency, which is shown in Fig. 5 . Due to the negative refractive index value, the metamaterial produces negative permittivity and negative permeability. The resonance frequency of the SRR purely depends on its size. By having splits in the rings, the SRR unit can be made resonant at wavelengths much larger than the diameter of the rings; that is, there is no half-wavelength requirement for resonance, as would be the case if the rings were closed [36] . IV. RESULTS AND DISCUSSIONS The designed metamaterial structure is loaded on the substrate of the proposed THz antenna whose dimension is 68.5×90 µm 2 . Front and back view of proposed THz antenna with metamaterial is shown Fig. 6 (a) and 6(b), respectively. The antenna with metamaterial is simulated and its results are shown in Fig. 7 . It is noticed that the antenna with metamaterial resonates at 1.02 THz. Since the metasurface is designed to resonate at 1.02 THz the resonance frequency of the antenna with metamaterial is shifted to 1.02 THz [1] , [14] . It seems that the size of the antenna is also reduced.
Also, the return loss is further reduced as -65.26 dB at 1.02 THz. When the MTM is loaded with substrate this left handed material will act as reflecting surface and it will focus the maximum radiation energy in the desired direction. Also, it suppresses the surface wave of the antenna hence the return loss is highly improved. Gain of the proposed antenna with and without metamaterial are shown in Fig. 8(a) The conventional patch is produced the maximum gain of 1.44 dB. It is clearly noticed that, the MTM helps to radiate maximum radiation energy in the desired direction. Hence the directivity and gain are enhanced, but there is no change in bandwidth, the fractional bandwidth is maintained as 4.12%. Further, the performance of the antenna is analyzed by varying the ring width and split width in the metamaterial. Here six different split widths with a dimension of 2µm, 3µm, 4µm, 6µm, 7µm, 8µm are analyzed and its performance is shown in Fig. 9 . The variation in resonant frequency, return loss and VSWR while changing the split width is listed in Table. III.
It is noted that the operating frequency is shifted slightly with respect to the split width. Normally, the resonance frequency of the metamaterial depends on both inductance and capacitance of the metasurface. Current path of SRR affects the inductance value and the capacitance is determined by both split width and dielectric constant of the substrate [14] , [17] . When the split width is small high capacitance will be produced. Resonant frequency of the ring is inversely proportional to the value of ring capacitance. When the split width is 5 µm maximum return loss of -65 dB and for 4 µm split width -50.16 dB of return loss is achieved. Similar to the split width analysis, the ring width is varied and performance is analyzed. For the proposed unit cell outer ring and inner ring have the radius as 20 µm and 10 µm respectively. Hence it has the split ring width of 5 µm. Different width is changed by keeping the outer ring radius as constant. When the ring width is increased from 2 µm to 5 µm the return loss is enhanced after that, the return losses are reduced for 6 µm and 7µm. The variation in resonant frequency, return loss and VSWR while changing the split gap is listed in Table. IV. Fig. 9 . Impact of return loss with respect to the ring width of the circular split ring resonator.
From the analysis, it is observed that the antenna loaded with metamaterial gives better results compared to conventional patch antenna. Parameters of the proposed THz antenna before and after loading the MTM are listed in Table. V. Bandwidth of the MTM antenna is improved from 13.91% to 17.95 %. Performance parameters of the proposed metamaterial based antenna is compared with reported antenna whose corresponding parameters are listed in Table VI . From the Table VI it is observed that Jeet Ghosh et al, proposed miniaturized antenna but it produced the return loss of -17.08 dB [6] . Antenna, which is proposed by Maria Koutsoupidou et al [10] , has high directivity as 9.58 dB. The maximum return loss of -55 dB at 1.08 THz is produced by the antenna [1] , which is designed by quartz material provided with the size of 180 µm × 212 µm.
The proposed antenna is designed with same material and has same size as that of the antenna reported in [1] . Even though the bandwidth of the proposed antenna is comparatively low, the remaining parameters such as return loss and gain are enhanced. Hence, the proposed antenna could be suitable for terahertz applications.
V. CONCLUSION
In this paper, miniaturized metamaterial antenna with the dimension of 180 µm × 212 µm is presented for THz region. The proposed circular split ring resonator is integrated with patch as a ground plane. The results show that the return loss and gain are enhanced significantly at the resonant frequency of 1.02 THz. Particularly, the return loss is deep as -65.26 dB at the resonant frequency. It is also shown that the gain of the antenna can be enhanced with the help of negative refractive index metamaterial. Further the impact of return loss while varying the SRR width and thickness are investigated and identified that the maximum performance is obtained when the SRR split width and split ring thickness are kept as 5 µm. From this analysis, the proposed antenna can be used as
